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mRNA subcellular distribution and translational control are key player mechanisms for post-transcriptional gene expression regulation. In the
last decade it has become increasingly clear that these processes are associated with various human diseases. Understanding the interconnected
multistep process of mRNA localization and its involvement in organelle biogenesis and in the overall spatial structure of eukaryotic cells will be
an important step towards the long-term goal of curing individual molecular defects. In a recent issue, Russo et al. [The 3′-untranslated region
directs ribosomal protein-encoding mRNAs to specific cytoplasmic regions, Biochim. Biophys. Acta, Mol. Cell Res. 1763 (8) (2006) 833–843]
reported interesting findings on the mechanisms that direct mRNAs encoding different ribosomal proteins to specific cytoplasmic regions in
human cells.
© 2007 Published by Elsevier B.V.Keywords: Subcellular mRNA localization; 3′UTR; Mitochondria; Ribosome biogenesis; Gene expression regulationLocalization of mRNAs is a way to target the proteins en-
coded by these transcripts to a particular region of the cell. In
some cases protein localization can be achieved exclusively
through the localization of the corresponding mRNA. Hence,
mRNA specific sorting can fulfill a range of essential biological
functions in higher eukaryotic cells. During the past two decades
the inventory of localized mRNAs has increased every year, and
the molecular mechanisms involved in mRNA sorting have been
characterized. Many localized mRNAs contain noncoding cis-
acting elements in the 3′UTR that confer localization of the
transcript. Several proteins have been identified as trans-acting
factors involved in mRNA transport, anchoring, localized
translation and stability. However, much remains to be done to
elucidate how localized mRNAs are linked to the molecular
motors that move them and to identify the molecular composi-
tion of mRNA particles and how the multiple mRNA binding
proteins function to control both the localization and translation
of the transcripts [1].⁎ Tel.: +33 1 40 01 13 66; fax: +33 1 49 28 66 63.
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doi:10.1016/j.bbamcr.2006.06.008Themost relevant role of mRNA sorting was demonstrated in
the spatial architecture of eukaryotic cells which relies on the
asymmetric distribution of proteins. The determination of asym-
metry is essential for cell differentiation and development. Em-
bryos and oocytes have been used as model systems to study
mRNA sorting in both Drosophila and Xenopus. For example,
the mislocalization of nanos mRNAs in Drosophila eggs leads
to the production of a second abdomen instead of the head and
thorax [2].
A significant aspect of gene expression in neurons involves
the delivery of mRNAs to particular subcellular domains, where
translation of the mRNAs in growth cones is important for
synaptic modifications, such as extension and guidance [3].
mRNA transport into neuronal processes showed that RNA
granules contain ribosomes and elongation factors and represent
a supramolecular complex that is transported directly with
translational components [4].
The perturbation of the transport of mRNAs and their local
translation could contribute to human diseases such as Fragile X
syndrome and spinal muscular atrophy [5]. Fragile X mental
retardation is due to the lack of FMRP protein that binds to
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with polyribosomes localized to dendritic spines [6]. Spinal
Muscular dystrophy (SMD) is caused by a mutation of the
survival motor neuron protein gene (SMN1) involved in pro-
moting interactions between RNA proteins and their target
sequences [7]. Interestingly, a conserved family of RNA binding
proteins may have a role in development and carcinogenesis,
especially in metastasis [8,9].
A key role for mRNA sorting in organelle biogenesis has also
been described in higher plants, yeast, and in human cells [10–
12]. The chloroplast and mitochondrial DNAs do not possess the
complete set of genes required for the assembly and function of
these organelles. Therefore, nuclear-encoded proteins destined
for these organelles are translated in the cytoplasm and sub-
sequently transported into the organelles by a complex machi-
nery of translocation [13]. Interestingly, several examples have
been shown in which nuclear mRNAs are targeted to organelle
surfaces. mRNAs encoding two subunits of NADPH proto-
chlorophyllide oxidoreductase (Por) and the chlorophyll a/b
binding protein, LhcII (Light harvesting complex II) are highly
enriched in the chloroplasts surface [14,15]. In yeast, approxi-
mately half of the transcripts coding for mitochondrial proteins
preferentially localize to the organelle surface [16]. This phe-
nomenon is conserved in human cells and the 3′UTRs of these
mRNAs are directly involved in their final subcellular destina-
tion [12].
In a recent issue of Biochimica et Biophysica Acta [17], the
group of Pietropaolo described interesting findings which
clearly demonstrate a crucial role for mRNA localization in
the regulation of human cytosolic and mitochondrial ribosomal
protein expression. Indeed, they showed that mRNAs encoding
cytosolic ribosomal proteins localize to the perinuclear
cytoskeleton and mRNAs encoding mitochondrial ribosomalFig. 1. Fibroblasts from a LHON patient with the G3460AND1mutation were grown
to grow on galactose was strongly increased when the cells expressed a wild-type v
mitochondrial surface the cis-acting elements of the nuclear COX10 gene were asso
human cells [12].proteins were preferentially associated to mitochondria. The
asymmetric intercellular distribution of ribosomal-protein
encoding mRNAs is mediated by the corresponding 3′UTRs
[17].
Mitochondrial dysfunction is involved in an array of
neurodegenerative diseases [18]. At least 20% of these disorders
are caused by point mutations of mtDNA genes [19]. No reliable
treatment or cure exists for these devastating disorders, which
have a prevalence of at least one in 5000 births [20]. It is
tempting to envision that mRNA sorting perturbation might in
some cases be the pathogenic molecular mechanism. Further-
more, directing mRNAs encoding nuclear versions of mtDNA
genes to the mitochondrial surface can be used as a tool for
correcting mtDNA mutations, since it allows a highly efficient
mitochondrial import of the corresponding proteins [21]. We
have used this strategy in fibroblasts from a patient with Leber
Hereditary Optic Neuropathy (LHON) due to the G3460A
mutation in the ND1 gene, which codes for a subunit of the
respiratory chain complex I. The ability of these cells to grow on
galactose medium was significantly improved when the nuclear
version of the wild-type ND1 gene was expressed in a construct
which ensures the delivery of the mRNA to the mitochondrial
surface (Fig. 1).
In conclusion, the specific localization of either rpl4 or rpS12
mRNAs to the perinuclear region or to mitochondria, respec-
tively, reported by Pietropaolo's group clearly supports an in-
volvement of mRNA sorting in rapid protein targeting and hence
an efficient assembly of ribosomes and mitochondria in vivo.
Therefore, the data by Pietropaolo et al. provide a valuable basis
for ongoing progress in the identification of localized mRNAs
and their crucial functions in mammalian cells. This will likely
reveal a range of inherited errors in mRNA sorting that underlie
distinct types of human diseases.in D-MEM rich glucose or galactose medium for 6 days. The number of cells able
ersion of the gene in the cytoplasm. To direct the corresponding mRNA to the
ciated to ND1. COX10 mRNA exclusively localizes to mitochondrial surface in
475M. Corral-Debrinski / Biochimica et Biophysica Acta 1773 (2007) 473–475References
[1] D.S. Johnston, Moving messages: the intracellular localization of mRNAs,
Nat. Rev., Mol. Cell Biol. 6 (5) (2005) 363–375.
[2] E.R. Gavis, R. Lehmann, Localization of nanos RNA controls embryonic
polarity, Cell 71 (2) (1992) 301–313.
[3] O. Steward, E.M. Schuman, Compartmentalized synthesis and degradation
of proteins in neurons, Neuron 40 (2) (2003) 347–359.
[4] G.J. Bassell, Y. Oleynikov, R.H. Singer, The travels of mRNAs through all
cells large and small, FASEB J. 13 (1999) 447–454.
[5] G.J. Bassell, S. Kelic, Binding proteins for mRNA localization and local
translation, and their dysfunction in genetic neurological disease, Curr.
Opin. Neurobiol. 14 (5) (2004) 574–581.
[6] P. Jin, S.T. Warren, New insights into fragile X syndrome: from molecules
to neurobehaviors, Trends Biochem. 28 (2003) 152–158.
[7] S. Paushkin, A.K. Gubitz, S. Massenet, G. Dreyfuss, The SMN complex,
an assemblyosome of ribonucleoproteins, Curr. Opin. Cell Biol. 14 (2002)
305–312.
[8] K. Yaniv, J.K. Yisraeili, The involvement of a conserved family of RNA
binding proteins in embryonic development and carcinogenesis, Gene 287
(1–2) (2002) 49–54.
[9] J.K. Yisraeli, VICKZ proteins: a multi-talented family of regulatory RNA-
binding proteins, Biol. Cell 97 (1) (2005) 87–96.
[10] T.W. Okita, S.B. Choi, mRNA localization in plants: targeting to the cell's
cortical region and beyond, Curr. Opin. Plant Biol. 5 (6) (2002) 553–559.
[11] A. Margeot, C. Blugeon, J. Sylvestre, C. Jacq, M. Corral-Debrinski, In
Saccharomyces cerevisiae, ATP2 mRNA sorting to the vicinity of
mitochondria is essential for respiratory function, EMBO J. 21 (24)
(2002) 6893–6904.
[12] J. Sylvestre, A. Margeot, C. Jacq, G. Dujardin, M. Corral-Debrinski, The
role of the 3′UTR in mRNA sorting to the vicinity of mitochondria isconserved from yeast to human cells, Mol. Biol. Cell 14 (2003)
3848–3856.
[13] N. Pfanner, A. Geissler, Versatility of the mitochondrial protein import
machinery, Nat. Rev., Mol. Cell Biol. 2 (2001) 339–349.
[14] L.C. Gibson, J.L. Marrison, R.M. Leech, P.E. Jensen, D.C. Bassham,
M. Gibson, C.N. Hunter, A putative Mg chelatase subunit from Arabi-
dopsis thaliana cv C24. Sequence and transcript analysis of the gene,
import of the protein into chloroplasts, and in situ localization of the
transcript and protein, Plant Physiol. 111 (1) (1996) 61–71.
[15] J.L. Marrison, P. Schunmann, H.J. Ougham, R.M. Leech, Subcellular
visualization of gene transcripts encoding key proteins of the chlorophyll
accumulation process in developing chloroplasts, Plant Physiol. 110 (4)
(1996) 1089–1096.
[16] J. Sylvestre, S. Vialette, M. Corral-Debrinski, C. Jacq, Long mRNAs
coding for yeast mitochondrial proteins of prokaryotic origin localize to the
vicinity of mitochondria, Genome Biol. 4 (7) (2003) R44.1–R44.9.
[17] A. Russo, G. Russo, M. Cuccurese, C. Garbi, C. Pietropaolo, The
3′untranslated region directs ribosomal protein-encoding mRNAs to
specific cytoplasmic regions, Biochim. Biophys. Acta, Mol. Cell Res.
1763 (8) (2006) 833–843.
[18] S. DiMauro, M. Hirano, Mitochondrial encephalomyopathies: an update,
Neuromuscul. Disord. 15 (2005) 276–286.
[19] R.W. Taylor, D.M. Turnbull, Mitochondrial DNA mutations in human
disease, Nat. Rev., Genet. 6 (2005) 389–402.
[20] A.M. Schaefer, R.W. Taylor, D.M. Turnbull, P.F. Chinery, The epidemio-
logy of mitochondrial disorders—Past, present and future, Biochim.
Biophys. Acta 1659 (2004) 115–120.
[21] V. Kaltimbacher, C. Bonnet, G. Lecoeuvre, V. Forster, J.-A. Sahel,
M. Corral-Debrinski, mRNA localization to the mitochondrial surface
allows the efficient translocation inside the organelle of a nuclear
recoded ATP6 protein, RNA 12 (7) (2006) 1408–1417.
